Abstract. The ability to detect surface and sub-surface flaw in its early stages will lessen the probability of catastrophic failure in Hydropower Plants, and provide a safer and more reliable working environment for both operating staffs and expensive equipments. Condition monitoring is very critical as the hydropower generation is utterly dependent on the condition of the turbine. The costly equipment constraint exemplify the importance of early crack detection and repair and, if necessary, the determination of the optimal time to replace. The discovery of crack will limit the possibility of a catastrophic failure while optimizing resource utilization and also allow maintenance personnal to effectively focus on condition monitoring technique. While our concern in this study was with pelton turbine, the research will also be useful to other hydropower Plants. This paper provides a background on magnetic particle testing (MPT), the non-destructive testing methodology used to detect the crack in Hydropower Plants under Druk Green with examples of crack detection.
Introduction
Druk Green Power Corporation Limited is a hydropower company that develops, operates and maintains all major hydropower assets of Bhutan. It was established in 2008 through a merger of the three existing hydropower companies in the country (CHP, KHP and BHP). Chhukha Hydropower Plant (CHP) with an installed capacity of 4X84MW is under Druk Green. The Plant is a run-of -the -river scheme, located on the Wangchu River. The plant has four generating units, propelled by pelton turbines. The vertical pelton turbine unit operates at a speed of 300 rpm and utilizes a net head of 435m.
The turbine is a critical asset in the power generation: and it is very important to perform a timely Condition Monitoring Inspection, so as to prevent from a catastrophic failure. The critical roles of non-destructive testing in monitoring runners periodically and detection of crack in pelton turbine by using Magnetic particle testing is presented in this paper.
Magnetic Particle Testing
Principle: The magnetic particle method of inspection is a procedure used to determine the presence of defects at or near the surface (sub-surface) of ferromagnetic objects. It is based on the principle that, if an object is magnetized or different in permeability in the material, such as cracks or voids or non-metallic inclusions, which are at angle to magnetic line of force, cause an abrupt change in the magnetic flux flowing through the piece normal to the irregularity, resulting in the local flux leakage field and interference with the magnetic lines of force. Interference can be spotted using a fine powder of magnetic material; it tends to pile up and bridge of such discontinuities.
[Magnetic Particle Testing [SNT-TC-1A]]
Test Method and Technique used: The electromagnetic yoke is used to magnetize a specimen (turbine) longitudinally. Electromagnetic yoke is a temporary horse shoe magnet made of soft, low retentively iron, which is magnetized by a small coil wound around its horizontal bar. When the energized yoke is placed on a specimen, the flux flow from the yoke's South Pole through the specimen to the north. Pole induce a local longitudinal field in the specimen. For examination medium wet method is used. [ Runner was re-installed after repairing and inspected after few days of running and during the inspection surprisingly the same flaw was observed again. Upon observing the flaw, runner was removed and send back to M/s BHEL, Bhopal for repairing on 9th November, 2002. A repaired runner was reinstalled after receiving at site on 23 th January 2003 from M/s BHEL. After running for 10,639 Hours the scheduled inspection was carried out by Center of Excellence for Vibration and Thermographic Analysis on 10 th July, 2013. An inspection using Magnetic Particle Testing is carried out. During the inspection, it was observed that the reclaimed cast runner has a sub-surface crack of length 130mm at the root of bucket number 20 where the earlier flaw was located. Sequentially 2 nd and 3 rd inspection was also carried out and it was found that the crack length has been propagated from 130mm to 145mm and 150mm respectively. 3. An indication of depth of the flaw: Confirmed through ultrasonic testing.
Possible Root Cause for the Observed Behavior
1. Weak molecular bonding is suspected between parent and filling material (electrode). 2. Sub-surface flaw is suspected since there was flaw spike indication.
3. Improper filling or incomplete fusion is suspected and causing flaw depth indication (flaw echo).
Conclusion
This paper described the use and importance of condition monitoring practice through nondestructive testing in hydropower plant such as pelton turbine. The Magnetic Particle testing is a simplest and fast method to detect crack on any ferromagnetic materials of any geometry by providing a visual image of discontinuity.The crack detection in incipient stage by means of Magnetic Particle Testing reduces the maintenance cost significantly as well as prevent from catastrophic failures.
